Many studies have reported the structures of the lingual surfaces in various animals. In the order Marsupialia, there have been a few scanning electron microscopy (SEM) studies on the tongues of opossum (Krause and Cutts, 1982) , koala (Kobayashi et al., 2003) , red kangaroo (Emura et al., 2004) , sugar glider (Emura, 2011) and brush-tailed rat kangaroo (Emura et al., 2014) . Such studies have revealed variations in the morphology and distribution of papillae on the dorsal lingual surface among animal species.
However, no SEM study on the tongue of the eastern grey kangaroo has been carried out. In this study, the dorsal lingual surface of the eastern grey kangaroo was examined three-dimensionally, in order to compare the results with those of previous reports on other animals.
Materials and Methods
The tongue of an adult eastern grey kangaroo (Macropus gigantues) of the family Macropodidae was used in this study. The tongue was fixed in 10% formalin. Small blocks containing papillae were cut with a razor blade, and post-fixed with 1% osmium tetroxide for 1 h. Thereafter, the specimens were dehydrated through a graded series of acetone and critical-point-dried. To show the three-dimensional connective tissue structure of the lamina propria of the mucosa, some of the samples were washed in distilled water after fixation and macerated in 3.5N HCl at 35 °C for three days. After maceration, the tissues were washed in distilled water, post-fixed in 1% osmium tetroxide for 1 h, and dehydrated in a series of acetone and critical-point-dried. All specimens were sputtered with Pt-Pd before being examined by SEM (Hitachi S-3500N, Tokyo, Japan) at an accelerating voltage of 10 kV.
Results

General observations
Macroscopically, the tongue of the brush-tailed rat kangaroo was about 15 cm long. At the posterior end of the lingual body, a triangular arrangement of three vallate papillae, with the apex of the triangle directed posteriorly, was observed ( Fig. 1) .
Scanning electron microscopy
The filiform papillae on the lingual apex and anterior body consisted of a main papilla and secondary papillae (Fig. 2a, 3) . The connective tissue core of the filiform papillae on the lingual apex had several processes (Fig. 2b ). The filiform papillae on the lingual posterior body were thread-like in shape (Fig. 4a) . The connective tissue core of the filiform papillae on the lingual posterior body consisted of many slender processes (Fig. 4b) . The fungiform papillae were round in shape (Fig. 2a, 3) . Three vallate papillae with the apex of the triangle directed posteriorly consisted of a groove and pad (Fig. 5a ). Several conical papillae derived from the posterolateral margin of the tongue where foliate papillae have been shown to be distributed in many other animal species. Opening of the glandular duct on the posterolateral region were found (Fig. 5b) .
Discussion
Krause and Cutts (1982) reported that the compound filiform papilla is a characteristic of most marsupials and the vallate papillae have a typical appearance of round bodies surrounded by deep furrows. The foliate papillae were not observed. Furthermore, in the genus Didelphis, elongated mucosal folds with numerous, irregular, fingerlike projections were identified on the posterolateral borders where foliate papillae are normally found in other species. Kobayashi et al. (2003) reported that the external form and connective tissue core of the filiform papillae of koalas consist of one large main process and several smaller accessory ones. Three vallate papillae were identified: one central midline (round type) and two laterally located (slit-like type) ones. Long conical papillae were shown to be distributed in the posterior lateral area where the foliate papillae are distributed in many other animal species. Emura et al. (2004) reported that on the posterior region of the red kangaroo, the filiform papillae of two types observed. Type 1 had a hair-like shape. Type 2 had a cylindrical shape and was thicker than the filiform papillae of type 1. There were three vallate papillae on posterior region of the lingual body. No foliate papillae were clear on the posterolateral region. Openings of the glandular ducts on the posterolateral region were found. Emura (2011) reported that the sugar glider has a triangular arrangement of the three vallate papillae, with the apex of the triangle directed posteriorly. Undeveloped foliate papillae were observed on the posterolateral regions of the tongue. Emura et al. (2014) reported that the filiform and fungiform papillae on the lingual apex and body of the brush-tailed rat kangaroo consisted of a main papilla and secondary papillae. The connective tissue core of the filiform papillae on the lingual apex was cylindrical in shape with a crushed top. The connective tissue core of the filiform papillae on the lingual body had one large and several small processes. The surface of the vallate papillae was rough and the papillae were surrounded by a groove and a pad. Several long conical papillae derived from the posterolateral margin of the tongue where foliate papillae have been shown to be distributed in many other animal species. In this study, the filiform papillae on the lingual apex and body consisted of one main papilla and secondary papillae. The surface of the three vallate papillae with the apex of the triangle directed posteriorly was rough and the papillae were surrounded by a groove and a pad. Several long conical papillae derived from the posterolateral margin of the tongue where foliate papillae have been shown to be distributed in many other animal species. Therefore, the lingual papillae of the eastern grey kangaroo are generally similar to those of the red kangaroo. Three vallate papillae were also found on the tongues of marsupials (Kubota et (Kubota, 1966) , insectivores (Chunhabundit et al., 1992) and Chiroptera (Emura et al., 2001; Emura et al., 2002b) . In this study, the eastern grey kangaroo showed a triangular arrangement of the three vallate papillae, with the apex of the triangle directed posteriorly. Considering the number of vallate papillae on the tongue surface in this and previous studies, the number of vallate papillae may differ among species. However, further study is required to clarify the relationship between the species and the number of vallate papillae.
The foliate papillae were found generally to be developed in the orders Rodentia , Hyracoidea (Emura et al., 2008) , Perissodactyla (Pfeiffer et al., My observations revealed similar foliate papillae in the eastern grey kangaroo, which exhibited morphological features typical for this type of papilla.
